Wave propagation and scattering are considered in a medium consisting of a slightly rough elastic layer adjoining a fluid half-space. The solution is obtained for the mean wave potentials in both media, due to multiple scattering within and reradiation from the layer. This is found by deriving effective transmission and reflection coefficients for each irregular boundary, and then showing that the problem is equivalent to the deterministic one for a plane-sided layer with these effective coefficients. The solution exhibits the dependence upon the variance and correlation length of each boundary explicitly.
In this paper we obtain the mean field for wave scattering in an elastic fluid-loaded layer, in which one or both boundaries of the layer are slightly rough. The solution exhibits in a simple way the approximate dependence on the statistical characteristics of both surfaces. Furthermore, the method can in principle be extended to arbitrarily rough boundaries. The method is as follows: consider first the scattering of plane waves incident at a rough interface. The resulting mean field must obey a generalization of Snell's law, so that the average transmitted shear component, for example, is a plane wave propagating at the same angle as for a plane interface but with a modified transmission coefficient (see DeSanto and Brown, 6 Spivack?). These coefficients depend on the statistics of the irregular interface. Now for an irregular layer the total field may be treated as an infinite sum of components due to multiple reflection within and reradiation from the layer. Provided the layer depth is large compared with both the wavelength and the scale size of the surface, we can make the assumption that successive scatterings are independent, i.e., that after each interaction with a a)Present address: Eton College, Slough, Windsor SL4 6DW, United Kingdom. surface H(x) and double propagation across the layer the features of the diffracted field are approximately uncorrelated with H(x) itself. We then show that the mean total field is formally equivalent to that for a plane-sided layer in which the reflection and transmission coefficients for each boundary are replaced by the above modified ones. The solution we apply for the plane-layer problem follows the formulation of
Sheard and Uscinski. s (See also Deschamps and Chengwei 9
who similarly treat an immersed layer.) Thus the problem is reduced to finding these coefficients; this is done to second order in surface height by finding the field near to the surface using a tangent plane approximation. The solution is then complete; it is straightforward to extend this to a rough elastic layer immersed in a fluid, to multilayered media, to a model in three dimensions and so on.
The tangent plane approximation developed here imposes fairly strong restrictions on the surface roughness, but is used because it leads to tractable results which exhibit the main features of the statistical dependence. The main limitations of the solution are associated with this approximation: the coefficients have cusps at certain angles associated with poles and branch points, which may give rise to surface waves. Near such cusps each coefficient varies rapidly with angle of incidence, and so the approximation becomes restricted to much smaller roughness. In addition the local scattering assumption is violated by surface modes. These problems, however, may effectively be removed by taking absorption into account. This is described in more detail below, where the solution is examined for parameters pertaining to an ice/ocean medium.
The plan of the paper is as follows: The preliminary equations are given in Sec. I. In Sec. II the effective coefficients are derived, the system is solved, and the limitations and their resolution are explained. 
We will reqaire •5 to be large for the validity of the assumption of independent scatter at successive interactions with a surface. This is quantified in Sec. II below.
II. SOLUTION
In this section we derive the main results. We will first examine the. scattered field, along a plane near each rough surface. To do so we use a tangent plane approximation evaluated to second order in surface height. The expressions obtained in this way allow us to derive effective transmission and reflection coefficients for each boundary. Finally we apply these, using the summation method (see Refs. 8 and 9), to the deterministk: problem of a plane-sided layer, and show that this problem is equivalent to that of finding the average over a statistical ensemble of irregular layers. This completes the solution for the mean field.
A. Scattered field near the surface
We derive an approximation to the (unaveraged) transmitted field just beyond a rough surface, due to a plane wave 
The surface is treated as being flat in the neighborhood of each point (x 0,z0). This leads to a tangent plane approximation for the transmitted field in the vicinity of (x o,z0). We calculate the field at point Q with coordinates (x0,-A).
For convenience we define a local coordinate system (•,r/) aligned with the tangent and the normal at each point (xo,%) on the surface (see Fig. 3 ). This is related to (x,z) by x=x0+ • cos re-r/sin re, We require the quantities (h2), (hh'), and (h'2). Since the surface is stationary, these may be given in terms of the correlation function P(0 (Papoulis) n as follows:
, dp ( 
which leads to a relatively simple form for the modified coefficients. However, surfaces with, for example, fractal auto- 
We have considered the field point Q with coordinates (x0,-A). Henceforth, we will set A to zero, to obtain the averaged field at the mean surface level. The justification for this is as follows: We can suppose that A is at most of order O(e). In the analysis which follows we discard terms of order O(• 3) and higher. Therefore, any remaining terms which con- 
D. Solution for the total mean field in the layered medium
Having obtained all relevant effective reflection and transmission coefficients we can proceed as for a plane-sided layer to find the total mean field. The reasoning that this analogy can be made is given below. First we summarize the method for the plane layer. This has been described elsewhere 8'9 and will not be repeated in full detail here.
Consider first a field incident on a plane layer from the fluid. We may think of the resulting solution as composed of an infinite series of transmitted and reflected waves; thus the first component is the transmitted wave defined by the appropriate elastic/fluid coefficients. The second component is its reflection from the top boundary, and so on. These will be referred to as the first and second components, etc. The sum of these waves is convergent, and satisfies the boundary conditions. The series is therefore the solution for the layered system. (We need not distinguish at this point between wave modes.) The solution due to a source in the water consisting of a spectrum of plane waves may thus be obtained by superposition .of the corresponding solutions as described above. This solution, following the notation in Sheard, ]3 is summarized in Appendix B.
We now return to the problem of an irregular layer. We make the crutcial assumption that successive scatters are independent at either surface. More specifically, consider the field scattered (either by reflection or transmission) :it one surface h ], say. We will assume that, after propagation across the layer, scattering at h2, and propagation back to hi, the variation in •:he resulting field is approximately statistically independent of h•. This "decoupling" of the field from the scatterer results from the fact that the features imposed on the wave at ,each interaction change markedly with diffraction. (The independent scattering at h 2 is of course a further cause of statistical alecoupling.) The effect is well known in the study of wave propagation beyond a random phase screen, and the analogous assumption is used in the formulation of the moment equations for propagation in random 
Now, the total field whose average we will eventually obtain can be thought of as the infinite sum of the scattered field components arising at and propagating from each surface interaction; the total mean field is thus given by the sum 
is again a plane wave. Finally, since the incident field Pt is a plane wave it follows by induction that (P•) is indeed a plane wave, as assumed. Therefore at each scattering the mean field is modified by the effective coefficients, and so the mean total field is obtained as for a plane-sided layer with the relevant coefficients simply replaced by the effective coefficients. The complete solution is summarized in Appendix B, using these effective coefficients which are given in Appendix A. This mean field description is qualitatively valid for any degree of surface roughness, since only the coefficients are approximated.
III, CONCLUSIONS
The mean field has been found due to a wave impinging on an elastic layer with adjoining fluid half-space, in which the boundaries of the layer are slightly rough. The solution has been considered explicitly for the case of an ice/ocean medium. In this method effective coefficients were first found for the elastic/vacuum and elastic/fluid half space problems using a tangent plane approximation. It was then shown that under the assumption that successive scatterings are uncorrelated, the mean field is exactly equivalent to the solution of a plane-layer problem with the effective coefficients applied.
The approximation of the effective coefficients is nonuniform, in the sense that it becomes relatively poor at angles of incidence which are near to poles and branch points, and breaks down where these angles give rise to surface waves. This problem is circumvented, however, when absorption is taken into account. The existence and precise location of these poles depends upon the parameters of the medium in each case.
This method of solution can in principle be extended to a multilayered system, or to propagation in a three dimensional medium. The situation for the higher moments, however, is significantly more complicated, since they are not In these expressions the six quantities M i arise as coefficients in mode-coupling matrices. These are described in ReE 13
and are somewhat lengthy to reproduce in full, and are therefore omitted here.
